In computer-assisted telephone interviewing, questions are displayed on a computer screen, and responses are entered directly into a computerized data file. In 1981-1982, a randomized trial of computer-assisted telephone interviewing, compared with telephone interviewing with responses directly recorded on printed questionnaires, was carried out The respondents were surrogates for 400 white Florida residents who died in 1979 and were randomly selected from a death certificate-based case-control study of cotorectal cancer. Outcomes examined included participation rate after initial phone contact, length of interview, recorded number of comments, recorded number of probes, unresolved "don't know" responses, and the interviewer's evaluation of the quality of the interview. The computer-assisted telephone interviewing system resulted in the 25-30-minute interviews lasting, on the average, 3.4 minutes (14%) longer. The average number of comments decreased from 5.5 to 4.1 (a 25% difference) and probes from 10.2 to 8.3 (a 19% difference) in the computer-assisted interviews. These differences were markedly smaller than the differences noted between individual interviewers. information processing, computer questionnaires; interviews
nology on the quality of information obtained in the telephone interviewing process, an experiment was designed to compare computer-assisted interviews to printed questionnaire telephone interviews (hard copy) in a case-control study of colorectal cancer.
MATERIALS AND METHODS
The study population consisted of white Florida residents who died in 1979 of colorectal cancer (cases), other forms of cancer (cancer controls), or other diseases or conditions (noncancer controls). Both cases and controls were identified through death certificate records. The interviews, conducted with the closest available next of kin in [1981] [1982] , included questions on demographic background, residential history, medical history, diet, and other aspects of lifestyle.
A random sample of 400 subjects was selected from the total study population of 3,086 cases and controls for the comparison between computer-assisted interviewing and hard copy interviewing. The sample was stratified by case-control status, sex of the next of kin initially traced for interview, relationship of the initially traced next of kin to the decedent, and the age at death of the decedent. Within each stratum, subjects were randomly assigned to either the computer-assisted or the hard copy interview group and then to one of four telephone interviewers. Since we did not want an interviewer's capabilities on the computer system to obscure the difference between modes of administration, we selected four telephone interviewers on the basis of their demonstrated proficiency with the computer system. All interviewers were trained equally in both computer-assisted and hard copy interviewing, and each received approximately 50 computer-assisted and 50 hard copy interview assignments.
The interview questions and order of administration were identical in both methods. For consistent data processing, all hard copy interviews were later entered into the computer via the computer-assisted telephone interviewing system exactly as worded, including all comments and probes.
The measures of interview quality and efficiency chosen included rate of respondent participation after the initial contact, length of interview, number of recorded comments, number of recorded probes, per cent of unresolved "don't know" responses, and the quality of interview as evaluated by the interviewer. Interviewers were unaware of the measures being examined.
The t test was used to evaluate differences in outcome between computer-assisted and hard copy interviews (7) . To assess differences among interviewers, analysis of variance was used (7) . Multiple linear regression analysis was used to evaluate confounding and interaction (7) . Although the interviews assigned to the two methods were matched on potential confounders, it was necessary to evaluate confounding because of differences between the age and sex of the initially selected next-of-kin respondents and those ultimately interviewed, and the fact that interviews were not obtained for all subjects. No evidence of confounding was observed; therefore, unadjusted means are presented. In addition, no statistically significant and consistent interaction was found.
RESULTS
Of the 400 subjects initially selected for this study, 11 were excluded because their cause of death did not meet study criteria; and 31 were excluded because an Englishspeaking respondent could not be located. Of the 358 respondents contacted, completed interviews were obtained from 332 (93 per cent).
As shown in table 1, once an appropriate respondent was contacted there was no difference in overall respondent participation between computer-assisted and hard copy interviews. Respondent participation by interviewer varied from a low of 88 per cent to a high of 96 per cent, while the difference between computer-assisted and hard copy administration for any one interviewer was never more than 4 per cent. Table 2 presents the mean values for five outcomes by computer-assisted and hard copy mode of administration. Length of interview was calculated in minutes from start and stop times recorded by the interviewer. The average computer-assisted interview was 28.5 minutes, 3.4 minutes (14 per cent) longer than the average hard copy interview.
Comments made by a respondent were recorded verbatim to either clarify or serve as the response to a question. By using a special control key, interviewers using the computer-assisted system accessed a comment file where comments were typed and stored. Comments on hard copy interviews were recorded directly on the questionnaire. Multiple comments pertaining to a single questionnaire item were counted as one comment. The computer-assisted telephone interviews had, on the average, 4.1 comments, which is 1.4 (25 per cent) fewer comments than the hard copy interviews.
Probes are verbal prompts used by the interviewer to obtain a more complete, informative, or relevant response. The computer-assisted telephone interviewer had a special control key to indicate a probe. Probes on hard copy interviews were marked by an "(X)". Interviewers were instructed to record a probe each time they probed for a response or repeated the question as stated in the questionnaire. Comparison of probes showed an average of 8.3 for the computer-assisted interviews, 1.9 (19 per cent) fewer probes than for the hard copy group.
The number of unresolved "don't know" responses left in the questionnaire after integrating comments were counted. Due to the skip patterns in the questionnaire, not every respondent was asked the same number of questions. Thus the per cent of unresolved "don't knows" was calculated for each interview based on the total number of questions actually asked. The mean per cent of unresolved "don't know" responses was 5.7 per cent (about 4
At the completion of the interview, the interviewer was required to evaluate its quality on a four-point scale: 1) unreliable, 2) questionable, 3) generally reliable, and 4) high quality. The mean quality for computer-assisted interviews was 3.7, compared to 3.6 for the hard copy interviews. Table 3 presents mean values for the outcomes by interviewer. The means by interviewer as tested by analysis of variance were significantly different for all outcome variables. Comments and probes showed the greatest variation with the mean ranging from 2.6 to 8.5 and from 2.7 to 19.2, respectively. Per cent unresolved "don't knows" ranged from 3.4 per cent (about three questions per interview) to 7.4 per cent (about six questions). The differences observed among interviewers were consistently larger than the differences between the two modes of administration.
DISCUSSION
The data from this study suggest that use of a computer in a telephone interview does not affect the overall participation rate, the per cent of answers recorded as "don't know," or the quality of interview as judged by the interviewer. Our data do suggest that a computer-assisted telephone interviewing system may result in slightly longer interviews and fewer recorded comments and probes. However, the limitations of indirect indicators of data quality should be recognized in evaluating these results.
The similarity of computer-assisted to hard copy participation rates is reassuring. It was speculated that the respondent might be disturbed by the sounds of the computer keyboard, or pauses in the conversation caused by transmission delays to and from the computer. We did not find this to be the case. Another concern was that the computer system would cause the interviewer to be anxious, and interfere with his/her ability to persuade the respondent to participate. Our interviewers were extensively trained on the computer system, and we saw no signs of anxiety.
The average length of interview was 28.5 minutes on computer-assisted compared with 25.1 minutes on hard copy. Several factors might have contributed to this ob- served difference. The input-output time of the computer (the speed at which the data are transmitted) was sometimes slow, causing the interviewer to wait for his/her response to be received or the next question to appear on the screen. This problem will vary, depending upon the computer software developed and existing hardware. The time needed to enter the comments, the speed at which the interviewer types, and the time involved in correcting errors may also have added time to the computer-assisted telephone interview. Some of the questions required two steps on the computer system and only one step on hard copy. For example, in the diet history component of the interview we asked how frequently the respondent ate certain foods. If the response was "five times per week" the hard copy interviewer would merely enter a "5" in the appropriate column. The interviewer on the computer system, however, would first have to enter a code to indicate whether the consumption was daily, weekly, or monthly, and then enter the "5" to indicate how many times per week. Finally, range and logic checks built into the computer system did not allow the interviewer to proceed without changing or verifying a response that failed a range or logic check, while there was nothing to stop a hard copy interviewer from recording such a response.
The slightly more (1.4) additional comments recorded on hard copy interviews compared with computer-assisted interviews may have been due to the special procedure necessary to enter a comment with the computer system. However, in anticipation of the added effort, the interviewer training session emphasized the importance of comments, and time was devoted to entering and returning from the comments file. Also, computer-assisted telephone interviewers were able to review their comments at the end of the interview and make additions or modifications by appending more comments to the end of the interview, which seemed to alleviate the anxiety of entering a comment and never seeing it again.
On the average, 1.9 additional probes were recorded on hard copy as compared with computer-assisted telephone interviews. The procedure to enter a probe on the computer required using a special probe key. There was very little effort involved in this procedure. We did notice, however, in monitoring interviews that both computerassisted and hard copy interviewers occasionally forgot to indicate probes. The computer system was designed in such a way that once a new question appeared, the interviewer could not indicate a probe for a previous question. On hard copy, however, the interviewer could do so.
We found unresolved "don't knows" to average 5.7 per cent for computer-assisted and 5.3 per cent for hard copy interviews. It appears that respondents did not refrain from answering questions, if capable of doing so, because of the mode of administration. Nor did the interviewers fail to pursue a reasonable response by defaulting to a "don't know." In addition, the average interviewer assessment of the quality of the interview was equivalent for the two modes of administration. There was no evidence that any of the interviewers performed noticeably better with one of the two methodologies, possibly because at the onset, all had been judged adept with both.
As demonstrated by the data in tables 2 and 3, the differences among interviewers for the outcome measures, particularly number of comments and probes, were consistently larger than the differences between computer-assisted and hard copy administration. This underscores the importance of interviewer training regardless of mode of interview administration.
Shanks et al. (8) offer a summary of five areas in which computer-assisted telephone interviewing promises improvement over hard copy interviews. These include the ability to facilitate complex question branching and the modification of question wording based on responses to previous questions. Interviewers can be observed from a separate location with a visual monitoring system which displays the interview on a screen as it is administered. An automated management system which allows for immediate feedback on interim and final interview results can be part of the system. Finally, and perhaps most importantly, a computer-assisted telephone interviewing system can reduce the editing and coding steps needed in data management.
Some of the potential disadvantages of computer-assisted telephone interviewing systems have also been evaluated. Groves et al. (9) have written about problems incurred by the interviewer's inability to review the whole questionnaire and the inflexibility caused by the standardization inherent in a computerized system.
We found that the development of a computer-assisted telephone interview system required a substantial initial investment of time and sophisticated computer skills. Furthermore, the interviewers' inability to review previous answers, particularly in the residential history, was a problem. This section asked for sequential information, and the interviewer saw data for only one residence at a time on the screen, making it difficult to recognize and clarify gaps. One valuable lesson learned was the advantage of programming the computerized system to ensure that the data are stored in such a way that it can be easily accessed by packaged statistical analysis programs. A second lesson was the importance of being able to generate a hard copy version of the computer-assisted telephone interview, in which the answers actually recorded follow the questions that were asked. This hard copy version facilitates coding, especially when the integration of answers and comments from several questions is necessary.
This study was carried out in 1981-1982. Since that time various improvements have been made on the computer-assisted telephone interview system. Although some of the outcome data might change as a result of the system's improvement (e.g., length of interview), we do not believe the overall conclusions would be different if the experiment were repeated today. It is felt that a computer-assisted telephone interview system offers promise for public health research, especially studies involving large numbers of respondents. The potential for quick turnaround time, from interview to a clean data tape for analysis, can be valuable when answers are needed in a timely fashion. Certainly in our study, data from computer-assisted telephone interviews seemed as reliable and informative as data collected by hard copy.
